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Launch-induced  vibration  environment  forecasts 
have  been  made  for  locations  in  major  Ground  Sup¬ 
port  System  (GSS)  structures  at  the  Vandenberg  AFB 
Shuttle  launch  facility  (V23).  These  forecasts 
were  made  by  coupling  a  model  for  the  Shuttle  rock¬ 
et  acoustics  with  observed  vibrations  of  GSS  struc¬ 
tures  due  to  cha-ge  detonations  over  the  Launch 
Mount.  The  fo-ecasts  indicate  that  launch  environ¬ 
ments  at  two  locations  will  exceed  levels  of  con¬ 
cern  establish. ed  fa-  this  study.  First,  the  poten¬ 
tial  exists  for  pounding  between  the  Payload 
Cnangeout  Roc-  CPC?"  and  the  transfer  tower  of  the 
Payload  Preparation  Poor.  (PPP),  Second,  accelera¬ 
tions  exceeding  1  g  are  forecast  for  the  floor  of 
the  Orbiter  Functional  Simulator  Room  (OFS)  in  the 
Admini strat ion  Building  (AB).  At  all  other  loca¬ 
tions  motion  levels  were  found  to  be  significantly 
below  the  c-iteria  established  for  the  respective 
sites. 

1,  Int-oductlon 

The  Ai-  rc-ce  Space  Division  (SB)  has  estab¬ 
lished  a  req„:re-er.t  tc  forecast  the  vibro-acoustic 
environment  for  the  Space  Transportation  System 
(STS)  launches  at  V-3,  the  Vandenberg  AFB  Shuttle 
launch  facility.  Tnese  forecasts  would  be  used  to 
aid  design,  operational  planning  and  lifetime  pro¬ 
jections  for  tr.e  facility.  Existing  data  were  in¬ 
adequate  to  desc-ite  the  phasing  of  pressure  loads 
on  the  structu-es  at  V2-,  an  essential  property  for 
estimating  the  induced  vibrations  of  structures. 

This  paper  re, e-s  ere  phase  of  a  comprehensive 
study  undertaken  tc  provide  the  required  forecasts. 
In  particular  the  metier,  predictions  for  three  of 
the  GfS  facilities  located  near  the  pad  are  dis¬ 
cussed.  Other  elements  of  this  study  included  the 
deveicpnent_ of  a  model  for  the  STS  rocket  acoustic 
emissions  ard  forecasts  of  the  acoustic  environ- 

i 

mer.t  at  V2 3". 

II.  The  Launc1-  Facility 

Figure  ‘  shows  a  plan  view  of  the  Vandenberg 
launch  complex,  V2-.  Fcur  major  structures  are  lo¬ 
cated  within  -11  meters  of  the  Launch  Mount;  the 
Payload  Prepa-aticr  Foe-  (FPR),  the  Payload  Change- 
cut  Poem  (rCP),  the  Motile  Service  Tower  (MST),  and 
the  Shuttle  Assembly  B.;lding  (SAB).  This  facility 
is  in  sharp  cont-ast  with  the  launch  pad  area  at 
Kennedy  Space  Center  (KSD  which  is  essentially  lo¬ 
cated  in  an  open,  flat  field.  The  nearest  major 
structure  at  K.SC  is  located  at  a  distance  greater 
than  four  kilc-eters  from  the  pad. 


The  buildings  at  V25  range  from  55  to  85  meters 
ir,  neight  and  are  primarily  steel  frame  structures. 
With  the  exception  of  the  transfer  tower,  however, 
the  PPR  is  of  concrete  construction.  The  PCR,  MST 
and  SAB  are  mobile  allowing  the  buildings  to  move 
up  to  the  Launch  Mount.  As  shown  in  Figure  1  they 
are  in  launch  configuration. 
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Fig.  1  Major  structures  at  V2-. 

The  close  proximity  of  these  large  st 
to  the  Launch  Mount  is  anticipated  to  great 
the  acoustic  pressure  field  over  the  pad 
compared  to  that  observed  at  KSC.  This  wil 
fron  multipathing  and  backscattering  of  the 
acoustics.  It  is  apparent  that  pressure 
models  used  for  vibration  forecasts  at  V23 
be  based  on  unmodified  acoustic  data  fron 
tions  of  or  actual  Shuttle  launches  at  KSC. 

III.  The  Simulation  Procedure 


The  launch-induced  vibration  forecasts  pre¬ 
sented  in  this  paper  were  obtained  by  coupling  an 
acoustic  emissions  nodel  for  a  typical  Shuttle 
launch  at  an  open,  flat  earth  site  (KSC)  with  the 
observed  vibrations  in  V23  facilities  due  tc  a 
series  of  small  charge  detonations  along  a  typical 
Shuttle  trajectory.  The  explicit  simulation  algo¬ 
rithm  can  be  developed  by  breaking  the  Shuttle  tra¬ 
jectory  into  a  series  of  discrete  source  locations. 
The  theory  of  linear,  time  invariant  systens  is 
then  applied  at  each  discrete  source. 

Under  this  development ,  observed  vibrations  in 
the  structures  due  tc  known  pressure  sources,  such 
as  small  charge  detonations  collocated  with  the 
discrete  Shuttle  sources,  can  be  viewed  as  system 
response  functions.  These  response  functions  in¬ 
corporate  all  site  particular  prorsg  tion  effects, 
such  as  multipathing  and  backscattering,  that  de¬ 
fine  the  phasing  of  loads  on  the  structure  and  the 
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structural  responses  to  the  loading.  The  effective 
driving  force  for  this  system  is  a  wavelet  that 
modifies  the  explosive  acoustic  source  to  match  the 
spectral  ar.d  temporal  characteristics  of  the  STS 
acoustic  emissions.  A  shojjt  derivation  of  the  sim¬ 
ulation  algorithm  follows. 

The  Simulation  Algorithm 


A  pressure  load,  d(t,£),  applied  to  a  structure 
at  a  location  defined  by  the  coordinate  vector  v, 
will  produce  a  motion,  u^(t,£,^)  at  some  other  lo¬ 
cation  specified  by  the  vector  jt.  The  subscript  k 
identifies  the  component  of  motion.  Assuming  the 
structure  behaves  as  a  linear,  time  invariant  sys¬ 
tem,  there  exists  an  impulse  response  wavelet, 
h.(t,x,v),  connecting  the  driving  load  and  each 
component  cf  the  induced  motions  such  that 


u^tt.x^v'  r  hk't,x,y)*d(t,£)  AA 


(1) 


whe-e  AA  is  the  area  over  which  the  load  is  ap¬ 
plied  ar.d  the  asterisk  represents  convolution.  The 
i-pulse  response  function  is  unique  in  the  sense 
that  :t  is  a  property  of  the  structure  and  inde¬ 
pendent  cf  the  loading  fundtion,  d(t,^). 

Using  ?.  superscript  S  tc  represent  the  Shuttle 
environment  and  a  superscript  E  for  the  explosion 
conditions,  equation  (1)  can  be  written  for  the  ex¬ 
plosion  source  as 


u!" '  t ,  x  ,  v'ish.  lt,x,y)*d  (t,v)  AA 

k  -  •*.  k  -  -  ■*. 

ar.s  for  a  Shuttle  source  by 


(2) 


f ron  any  reference  location,  specified  by  the  vec¬ 
tor  z,  to  the  point  of  load  application  can  also  be 
shown  to  be  represented  in  the  for-  of  equaticr  (1) 
or  in  the  spectral  domain  by 


D(f,i,z)sHP(f,ir.2>P(f,l) 


(71 


where  Hp(f,^,z)  is  the  propagation  response  func¬ 
tion  and  P(f,z)  is  the  spectral  representation  of 
the  pressure  wavelet  at  a  location  specified  by  the 
coordinate  vector  z.  As  before,  Hp  is  independent 
of  the  type  of  source  driving  the  system  ar.d  the 
spectral  ratio  of  the  driving  functions  is 

CS(f,2,z)/DE:(f,2,2):FS(f,z)/PE:(f,ir,z)  (S) 

and  is  solely  dependent  on  the  source  character¬ 
istics,  including  location,  and  is  independent  of 
the  point  of  load  application  on  the  structure. 

Substituting  equation  (8)  into  equaticr.  (6) 
provides  the  fundamental  relationship  between  the 
STS-  ar.d  explosion-induced  notions,  or 

U'^(f,x,j;,z)  =  U“(f,x,v,z:[PS(f,z)/Pt(f,z'.2  AA  (?) 
and  with  conversion  into  the  tine  domain 


S  r 

Vt.XhZ.zJxu-Ct.x.i.zl'vft.z) 


(1C) 


where  v(t,jj)  is  some  wavelet,  referred  to  as  the 
driving  wavelet,  defined  by  the  inverse  transform 
of  the  spectral  ratio  of  the  pressure  functions  for 
the  STS  and  the  explosion  acoustics  evaluated  at  a 
common  reference  location. 


u7i  t  rh..'t,x,£)*d(t,y)  A  A 


(3) 


where  h  (t,x,y)  is  identical  in  both  equations. 
Tr.e  equivalent  frequency  domain  representations  are 


IT'f.x.ylrb:  (f,x,i)DE(f,2)  AA 


for  the  explrsicr.  and 


UT  •'•Z’2'  z  ~r;  ■  •I'l'-0'-'- AA 


(<0 


So  far  this  derivation  has  treated  the  roticr.s 
at  x  due  to  the  load  applied  at  a  single  point  on 
the  surface  of  the  structure  specified  by  the  vec¬ 
tor  In  fact,  the  loads  are  distributed  eve-  tne 
entire  surface  of  the  structure  and  the  notions  for 
ar  STS  source,  are  given  by  the  integral 
of  u^(t,jc ,y, z)  over  the  surface  of  the  structure, 
or  fron  equation  (1C) 


for  the  Shuttle  lajr.ch.  The  inpulse  response  func¬ 
tion,  car,  be  evaluated  f ron  equation  (4) 

as  the  spectral  ratio  of  the  explosion  notions  to 
the  explcs:.*  driving  force,  both  of  which  ct.  be 
obtained  er.pi-i tally.  Substituting  this  quantity 
into  equaticr  yields 

U'^(f,£,£'x^'f,x,Z)[DS(f,j-)/DE:(f,£)]  AA  <£) 

ar.d  relates  the  observed  explosion-induced  motions 
tc  the  TTf-i-duced  notions. 

Consider  the.  spectral  ratio  of  the  driving 
c  £ 

furct:-ors,  rr'.'T  j.  For  a  common  atmosphere, 
sp'erical  acc. stit  propagation  is  itself  a  linear, 
time  invariant  system.  If  the  explosion  and  the 
diss'cte  Ctuttle  acoustic  signals  can  be  repre- 
serted  as  prepagating  from  collocated  point  (mcno- 
pslel  sources,  then  extrapolation  of  the  pressures 


As  v(t,z)  is  independent  cf  the  load  application 
point,  the  integral  reduces  to 

u^t,x,z)  =  uE(t,x,z'.*v(t,z)  ( '2 ) 

where  uE(t,x,z)  is  the  total  motion,  observed  at  >, 
produced  by  an  explosion  along  the  STS  trajectory . 
This  is  the  actual  quantity  measured  by  recording 
metiers  produced  by  a  charge  detonation. 

Equation  (12)  provides  the  fundamental  algo- 
rithm  used  in  this  paper  tc  simulate  the  la..rcv 
vibration  environment  at  V23.  This  equaticr.  pro¬ 
vides  the  predicted  notions  at  a  given  location. 
wh«-  the  Shuttle  source  is  located  at  the  sa-.e  pos¬ 
ition  os  the  explosion.  To  simulate  a  moving  chu*- 
tle  source,  or.e  need  only  sun,  with  apprcp'iat* 
tire  delays,  the  notion  contributions  f  ror  each 
discrete  source  location. 


The  T-iving  Wavelet 

What  remain:,  then,  is  to  define  the  driving 
wavelet,  vit.i)  used  in  equation  .'5'.  Frcr  equa¬ 
tion  (9),  the  spectrum  of  the  driving  wavelet, 
V(f,jz),  is  defined  as  the  spectral  ratio  of  the  STS 
pressure  signal  to  the  explosion  wavelet  at  sore 
reference  point.  It  is  noted  that  the  de-nation 
given  above  assures  that  both  the  explosion  and  the 
STS  acoustic  signals  can  be  describee  as  equivalent 
point  sources,  at  least  at  each  cf  the  discretized 
source  locations. 


main  engine  ignition.  Once  clear  of  the  ground, 
the  spectral  shape  of  the  acoustic  signal  remains 
relatively  constant  and  is  well  described  by  a 
theoretical  form  proposed  by  Powell  for  undeflect¬ 
ed,  plume  generated  acoustics.^  The  most  signifi¬ 
cant  divergence  from  this  shape  occurs  early  in  the 
launch  when  the  exhaust  plume  interacts  with  the 
ground  and  during  Solid  Rocket  Booster  (SRE)  igni¬ 
tion.  At  these  times  pressures  of  concern  are  low 
compared  with  peak  values  and  the  change  in  spec¬ 
tral  shape  is  not  expected  to  greatly  affect  the 
forecasted  results. 


It  is  apparent  that  the  acoustic  output  of  a 
small  elevated  charge,  observed  at  distances  many 
times  larger  than  the  source  dimensions,  car  be 
represented  as  emanating  from  a  point  scu-ce.  Fur¬ 
ther,  the  acoustic  emissions  p'cpacate  away  from 
the  source  under  th.e  laws  gee-ring  sprerical 
acoustics.  For  a  flat,  perfectly  -eflectir.g  earth 
away  from,  obstructions,  tne  explosive  pressure 
wavelet  has  a  speotral  form  give"  by 


While  the  spectral  shape  remains  reasonably 
constant,  the  level  of  the  spectrum,  as  observed  at 
a  fixed  point  on  the  ground,  changes  throughout  the 
launch.  This  variation  occurs  in  part  as  a  result 
of  increasing  range  of  the  source  but,  mo-e  signif¬ 
icantly,  due  to  directivity  of  the  rocket  source. 
For  a  fixed  observer,  source  directivity  and  range 
effects  can  be  equated  to  a  time  dependent  strength 
variation. 


PE(f,-l=,r  /r)GE(f.r  ) 
’  c  c 


1*2) 


where  f 
rarge , 


is  the  sejr-e 


.server 
is  the 


equency , 

r  is  a  reference  range,  2-.:  3" . f, -  ) 
c  „  c 

spectral  representation  of„the  p-€ssu-e  wavelet  at 

Gt(f,-.'  is  cf 


conse- 


r  .  The  exact  form  cf  _  ^ 

0  c 

quence  ir,  the  derivation,  heweve-,  :t  was  deterr.m- 

ed  empirically  and  is  shown  in  Figure  2. 
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of  charge  and  275  sources. 


It  has  beer  shown  in  previous  studies  that  th.e 
acous* :cs  cf  the  STS  rocket  mote-  exhaust  ca-  also 
be  adequately  desc-ibed  at  a  flat  ea-th  site  and 
for  limited  -ar.ges  and  azimuths  as  a-  axial  sym-et- 
ric  sou-re  traveling  with  the  rcsrjrt  tut  sc-ew-ut 
below  it  in  t-e  exhaust  plune.  ”,  For  ar  STS 
launch,  significant  acoustic  loads  a-e  otse-ved  at 
the  ground  for  approximate! y  35  seccrd r  following 


Mathematically,  the  STS  acoustic  p-essure 
spectrum  at  a  fixed  point  can  be  modeled  as 


PS(f,r)=SS(f,r!:N(f}«s(f,r)] 


OR) 


where  r  is  range  from  the  source,  G'Cf.r!  is  the 
best  fit  of  the  Powell  theoretical  speeb-u-  to  ob¬ 
served  STS  acoustic  spectrum  at  the  ti-e  of  peak 
pressure  loading,  N(f)  is  the  spectrum  of  a  zero 
mean,  unit  variance  normal  process  and  E(f ,r)  is 
the  spectrun  of  ar  envelope  function  which  p-ovides 
the  correct  time  dependence  of  the  scurce  strength. 


For  areas  comparable  to  su-face 
structures  at  V?2,  it  has  been  demons 
extrapolation  of  the  Shuttle  acoustic 
field  from  a  reference  point  pressure  ti 
can  be  adequately  made  using  spheric 
tics.1’^  Over  relatively  large  areas 
acoustics  car.  be  viewed  as  having  ar. 
point  source  representation.  However, 
changes  in  the  range  or  azimuth  of  ir 
functional  terns  of  the  pc.-t  source  mod 
adjusted.  Then,  the  pressure  field 


reference  poi’ 


car  be  given  the 


domain  representation  of 

P'’(f,r,r  '  =  (r  'r'.C~'.f,r  ; 

o  o  o 


.  N 
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where  r  is  the  range  cf  the  point  of  irte-est  and 
all  other  terms  are  as  des-rihed  above.  Trc  Shut- 
tie  reference  spectrur,  7>,ftr  '  ar  used  for  the 

Q 

PJF  simulations,  is  also  shown  :r.  figure  2. 

This  noifei  replace?  the  novirg  f?C  acoustic 
scurre  with  n  single,  stationary  source  represerta- 
ticn.  It  should  be  noted  that  potential 1>  signifi¬ 
cant  infcrnaticr.  on  the  ter.poral  voriat*rr  of  the 
pr^rsure  phasing  on  structures  is  lost  in  th:?  a p- 
proxinotioii.  However,  it  will  fce  shewr.  ;r.  a  later 
section  that  this  effect  dors  not  degrade  tte  fore¬ 
casts  beyond  levels  ir.pxnsed  by  other  farters  ir.  the 
simulation  process. 


1000 


I 
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facilities  during  an  STS  launch.  This  construction 
is  given  by 


FREQUENCY  (Hz)  | 

Fig.  3  Spectrum.  of  the  shaping  wavelet,  W(f,rQ). 

From  equations  (*•)  an:  (151,  the  spectral 
driving  function,  V(f,-'  is  giver,  ty 


e  r 

under  the  conditions  that  *'  f,-  '  and  G_(f,r  )  are 

c  o 

evaluated  ur.de-  the  sane  to.ndc-y  conditions  and  at 
the  sane  re fe-erce  range.  jr-der  this  condition, 
the  range  dependence  of  Vlf is  reduced  to  a  de¬ 
pendence  on  the  reference  range,  rQ. 

Defining  the  ratio  of  the  G  functions  to  be 
the  shaping  spectrur.,  W(f,r  \  and  the  inverse 
transform  to  be  the  shaping  wavelet,  w(t,r  ),  then 
the  driving  function  is 


v(f,r  ):w;t,"  r.C t 'e ; t 1]  (17) 

0  0  o 

c 

The  theoretical  form  used  for  G~(f,r  )  in  this 

o 

study  does  not  provide  the  phase  information 
required  to  pe-forr  the  inve-se  transformation  of 
Wtf.r^).  This  require-ert  is  net  by  specifying 
that  the  operator  w(t,r  1  be  realizable  and  of  min¬ 
imum  phase.  The  FSD  cf  the  shaping  wavelet, 

WCf.r^),  as  use:  for  the  ~Z:  predictions  is  shown 
in  Figure  3  a-d  Figure  -  shows  the  envelope  func¬ 
tion,  e(t,r  '  _sed  ir.  tne  si*-l  at  ior.s. 
o 


LAUNCH  TIME  (t«c) 

Fig.  u  STS  a::uctio  envelope  fu-oticr. ,  e 


r  1. 
o 


u^(  t,jt  ,£)=u^(  t,  t,ro)*lr,(  t)e(  t,ro) ) .  (18) 

Simulations  made  with  this  algoritn  are  based  pri¬ 
marily  on  a  peak  load  regime  and  largely  ignore 
dynamic  pressures  and  ground  cloud  attenuation.  It 
is  reiterated  that  this  construction  ignores  the 
movement  of  the  Shuttle  acoustic  source  and  substi¬ 
tutes  a  single  fixed  source.  In  addition,  simula¬ 
tions  were  made  for  a  typical  Shuttle  trajectory 
and  for  the  standard  Shuttle  propulsion  system 
without  thrust  augmentation. 

Verification  of  the  Method 


A  problem  similar  to  the  one  at  hand  is  that 
of  forecasting  motions  induced  in  buildings  by  the 
ir.frasonic  emissions  of  a  Hush  House,  a  jet  engine 
ground  run-up  noise  suppressor.  Both  the  Shuttle 
and  the  Hush  House  acoustic  emissions  are  plune 
generated.  Figure  5  shows  obse-ved  and  simulated 
vibrations  in  a  structure  approximately  300  meters 
from  the  Luke  AFB  Hush  House  during  the  run-up  of 
an  F-10C  engine.  The  simulated  motions  were  gener¬ 
ated  in  a  manner  similar  to  the  method  just  de¬ 
scribed.  The  motions  produced  ty  a  small  explosive 
charge  located  near  the  Hush  House  were  contined 
with  observed  low  frequency  emissions  of  the  Hush 
House  to  produce  the  forecast  notions.  The  simula¬ 
tion  accurately  reproduces  the  observed  trace. 
Discrepancies  between  the  two  signals  can  readily 
be  explained  as  resulting  primarily  from  differ¬ 
ences  in  the  explosion  and  Hush  House  source  loca¬ 
tions.  This  test  verifies  the  concept  of  simulat¬ 
ing  acoustic-induced  motions  based  on  explosion 
responses . 
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Fig.  5  Observed  (upper;  and  predicted  (lower)  mo¬ 
tions  due  to  a  Hush.  House  acoustic  source. 

IV.  The  founding  Program 


The  Si— ul Fguation 

Combining  equations  ’.'l  and  '  )  provides  the 
formulation  u;»:  .-  this  study  tc  simulate  the  vib¬ 
ration  er.vircr-er*.  at  selected  Iccatior.s  in  GSS 


In  January  of  19?^,  ar.  explosive  Sc-unding  Pro¬ 
gram  was  conducted  at  V23.  During  this  study,  a 
series  of  small  charges  were  detonated  over  the  Y?3 
Launch  Mount  and  the  induced  motions  recorded  at 
locations  in  several  GSS  facilities.  These  otserv- 


atiens  provide  the  u,  (t,x)  tern  for  use  in  the  sim- 
k  ■— 

ulation  algorithm.  A  total  of  eight  three-compon- 
ent  ser.sor  Installations  were  used  during  the 
Sounding  Progran. 

The  charges  were  suspended  at  elevations  of 
15,  46  and  5S  meters  above  the  Launch  Mount;  eleva¬ 
tions  comparable  to  the  first  7  seconds  of  the 
Shuttle  trajectory.  Physical  limitations  on  charge 
placement  restricted  the  maximum  elevation  used  in 
the  Sounding  Progran.  The  maximum  charge  elevation 
was  limited  by  the  height  of  a  suspended  line  be¬ 
tween  the  SAB  ar.d  the  MST.  All  structures  were  in 
launch  configuration  at  the  time  of  the  Sounding 
Progran.  However,  exterior  sheathing  had  not  been 
installed  on  the  SAB  at  that  time  and,  it  can  be 
expected  that  the  completion  of  this  structure 
wodd  alter  the  forecasted  motions  to  some  degree. 

All  vibration  measurements  were  made  using  an 
element  of  the  AFGL  Geophysical  Data  Acquisition 
System  (GBAS).  Individual  channel  responses  were 
determined  by  analyzing  the  transients  excited  by  a 
step  input,  with  sensors  ir.  place,  before  and  after 
each  shot  sequence.  A  typical  system  response 
function  for  seismic  reasu-ener.ts  is  shown  in  Fig¬ 
ure  6.  Forecasts  were  made  for  the  frequency  band 
of  :.u  tc  3:  hi. 


oi  io  io  ioo 


FREQUENCY  (Hz) 

Fig.  A  A  typical  GDAD  system  response  for  motion 
neccu'-e-e.nts . 

The  repeatat.l ity  of  the  explosion-induced  no¬ 
tions  is  show-  in  Figure  7.  This  figure  shows  the 
Power  Spectral  Density  (PSD)  functions  for  two 
shots  at  the  sa-e  elevation  and  observed  at  the 
same  location.  Below  31  Hi  the  twe  spectra  dupli¬ 
cate  the  na jc'  features  of  the  building  response. 
Significant  vacations  exist  above  30  Hz  but  these 
can  be  explained  by  slight  shifts  in  the  source 
location  c'  wind  effects.  Ir,  any  case,  the  vibra¬ 
tion  fc'ecasts  a-*-  essentially  band  limited  to  C.4 
to  30  Hi. 

Pigu'e  ?  shews  the  PSD  functions  obtained  for 
the  Pr r'  at  Leve.  7?  c'  tie  east-west  component  of 
net ’.or.  fo'  the  'A  and  4A  meter  shots  reco.rded  at 
this  site.  While  some  differences  are  noted  In  the 
spectra  tolcw  3D  Hi,  the  major  elements  remain  rea¬ 
sonably  constart.  It  appears  that  the  structural 


responses,  at  least  over  the  range  of  shot  eleva¬ 
tions  used,  are  insensitive  to  source  height. 
This  behavior  was  found  to  be  consistent  fer  all 
components  and  at  all  locations  studied  during  the 
Sounding  Program.  This  fact  justifies  the  use  of  a 
fixed  source  for  the  Shuttle  acoustics  in  the  pre- 
dicti -r  p'oe»d:j'e. 
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rig.  7  PPH  motion  response  for  two  shots  at 
same  elevation. 


V.  laun:h-Ind u red  Vir'at i on  Fo'eca sis 


Following  the  prcceure  giver,  above,  si 
tier.*  of  the  Shuttle  lau'oh-induced  vitratic 
VB3  were  made  for  each  of  the  eight  locations 
tnumented  during  the  Sounding  Frogra-.  >'ul 


ins¬ 

ide 


simulations  were  made 


eac 


distinct  realizations  cf  the  normal  p-ocess, 
to  d'ive  the  algorithm.  In  the  following  seo 
the  forecasts  for  eac!.  structure  are  discussed 


sing 

lens 


Ire  ra y I  mad  Prepared: on  fcc- 


Five  locations  we-e  studied  in  Checkout  1 
of  the  FTP.  Sensors  we-e  located  at  the  cell 
tc  platform  connection  at  Levels  it?  and  ” 
the  footings  of  the  cell  "ails  at  Levi-I  At. 
anticipated  that  payloads  fa-  sutsequc't  la. 
will  be  located  in  the  PP?  Checkout  lolls  i 
any  giver,  launch  and,  therefore,  specific  c'i 
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~'6  \  1 
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:eri  a 


have  been  established  for  the  notion  environment  in 
the  cells.  These  criteria  are  equivalent  to  a  re¬ 
quirement  that  RMS  accelerations  in  the  band  C.t  to 
30  1:2  not  exceed  D.E  g. 
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Fig.  8  PFR  notion  responses  for  two  shots  at  dif¬ 
ferent  elevations. 


physical  restrictions  on  the  placement  of  the  ex¬ 
plosive  source  this  situation  could  not  be  investi¬ 
gated  during  the  Sounding  Program.  It  is  r.ot  be¬ 
lieved,  however,  that  this  effect  will  greatly  in¬ 
crease  the  acceleration  levels  in  the  structure. 


LAUNCH  TIME  (••<:) 

Fig.  9  Simulated  accelerations  for  Level  "J 
the  PPS, 


One  question  that  has  teen  raised  throughout 
the  V23  project  has  been  the  import  of  aooust.o 
coupled  seimic  vibrations  du-ing  launch  at  struc¬ 
tures  such  as  the  PFR  and  the  Launch  Control  Center- 
(LCC).  Although  the  Sounding  Program  sid  ret  si-u- 
late  the  conditions  likely  tc  generate  the  largest 
seismic  signal  during  a  lauroh,  when  tr.e  o—uflt 
exhaust  is  being  vented  th-cu*-  tk-:  flr-e  it 
dees  provide  some  indication  cf  the  seismic  excita¬ 
tion  level  that  could  be  anticipated.  At  eacr. 
charge  elevation,  seismic  precursors  we-e  recorded 
prior  to  the  direct  acoustic  excitsticr.  cf  tre 
structure.  In  all  cases,  the  seismic  arrivals  were 
no  more  than  111  of  the  acoustic-inducec  motions. 
This  suggests  that  construction  cf  the  r?F.  ur.de-- 
ground,  as  originally  planned,  would  have  resulted 
in  a  significantly  lower  launch-induced  vibrations 
environment  in  the  PFR. 

The  Administration  Building 


As  would  be  expected,  the  highest  motions 
forecast  in  the  PR?  occurred  at  Level  1*9  (Figure 
9',  and  peak  accelerations  were  almost  an  order  of 
magnitude  less  than  the  stated  criteria  for  RMS 
values.  The  present  results  are  typically  much 
lens  than  the  vibration  forecasts  made  using  Finite 
Element  modeling  of  the  launch  conditions  in  the 
RFn.  Based  or  statistical  properties  of  the  fore¬ 
casted  motions  and  given  the  restrictions  on  the 
forecast  methodology,  an  acceleration  cf  0.04  g 
will  r.ot  be  exceeded  at  any  measurement  point  in 
the  PFP  with  a  confidence  level  of  99». 

However,  it  is  likely  that  higher  than  fore¬ 
casted  notions  will  be  observed  in  the  PPr.  As  the 
Shuttle  rotates  and  moves  to  the  south  cf  the 
Launch  Mount  it  is  anticipated  that  the  pressure 
loading  on  the  PPP  will  increase.  In  addition, 
response  characteristics  of  the  PPP  indicate  that 
it  is  rone  responsive  to  loading  in  a  north-south 
direction  than  along  the  east-west  axis.  Due  to 


One  three-component  seis-ometer  station  was 
located  on  the  floor  cf  tre  Crbite-  Functional 
Simulator  (OPS'  Room  of  the  Administration  Build¬ 
ing.  This  room  will  contain  computer  equipment 
used  to  simulate  arbiter  operations  in  a  pcst- 
launch  situation.  It  is  cu-  understanding ,  how¬ 
ever,  that  this  equip-f.nt  will  not  be  epe-ati-g 
du-ing  the  launch. 

Vertical  accelerations  at  this  location  will 
approach,  and  might  easily  exceed,  1  g.  Kcri:crtal 
peak  accelerations  are  significantly  lower,  typi¬ 
cally  about  h.’S'g.  Actual  fc-ecast  a-plitudes  for 
the  vertical  motions  exceed  C.“  f  (Figure  As 
with  the  PPF,  however,  as  tr.e  Shuttle  cli-is  and 
rotates  to  the  south,  pressure  loading  or.  the  AB 
will  increase  ar.d,  as  a  const querce ,  accelerations 
at  this  location  can  also  be  anticipated  tc  exceed 
the  forecasted  values. 

It  is  known  that  the  computer  equipment  to  be 


ACCELERATION  (g’s) 


Installed  in  the  OFS  Roon  has  been  tested  only  to  a 
1.0  g  level.  The  capabilities  of  the  equipnent  to 
withstand  higher  accelerations  has  apparently  not 
been  demonstrated .  Further,  building  responses  in¬ 
volving  vertical  accelerations  approaching  1  g  are 
typically  considered  unacceptable.  However,  with 
only  one  study  location  in  the  AB  it  is  not  possi¬ 
ble  to  determine  if  this  behavior  is  a  localized 
evert  or  symtonatic  of  a  structural  problem. 


i - 1 - 1 - r 

5  10  15  20 


LAUNCH  TIME  (sec) 

Fig.  1C  Simulated  Motions  ir.  tre  CFS  Peer. 


The  Payload  Ch.angeout  Room 

The  PCR  is  a  mobile  structure  ir.  which  the 
Shuttle  payloads  are  transferred  from  the  PPR.  to 
the  Shuttle  at  the  Launch  Mount.  Ir  launch  config¬ 
uration,  the  PCP  will  be  parked  within  inches  of 
the  ???.  During  the  Sounding  Program,  two  sites 
w*re  mon. toned  in  this  facility.  The  sensors  were 
located  cr.  the  upper  and  lower  Payload  G-curd  Hand¬ 
ling  Mechanism  C PCHM! )  rails  at  Platforms  6  and  11 
ir.  the  PC m  . 

Figure  11  displays  the  simulated  notions  for 
the  upper  PCHM  rail  location,  for  a  source  located 
over  the  Launch  Mount,  the  FCR  exhibits  lightly 
damped  sway  in  the  east-west  direction.  Extrapola¬ 
tion  cf  the  westward  sway  displacements  forecasted 
for  Platform  12  to  the  top  of  the  building  indicate 
that  pounding  of  the  PCR  and  PPR  is  a  distinct  pos- 
sitility.  Pounding  between  the  two  structures 
could  reoult  in  urpredictably  high  accelerations  in 
both  the  PPR  and  PCS  and,  potentially,  structural 
damage  to  either  or  both  buildings. 

The  probability  of  pounding  deperds  cr:  the  ac¬ 
tual  sepa-ation  of  the  structures  at  launch.  Fig¬ 
ure  12  shows  the  probability  distribution  for  peak 
westward  (towards  the  PPR)  displacement  of  the  PCR 
in  terms  of  duration  of  steady  state  motions.  Re¬ 
peated  measurements  of  the  separation  between  the 
PPR  and  PCR  in  park  position  have  shown,  the  separa¬ 
tion  to  be  no  nore  than  b  centimeters,  indicating 
that,  on  average,  pounding  will  occur  once  in  every 
20  tc  3"  launches.  It  should  be  noted  that  sway  in 
the  RPR  transfer  tower  has  not  been  considered  in 
this  forecast.  Motion  in  this  structure  will  only 
Increase  the  probability  of  pounding.  Fcr  example, 
if  the  transfer  tower  of  the  PPP  and  the  PCR  have 
equal  but  out  of  phase  displacements,  the  probabil¬ 
ity  of  pounding  increases  to  almost  6CJ.  It  has 


been  suggested  that  the  PPF-PCR  separation  can  be 
increased  to  over  7  centimeters  in  which,  case  the 
likelihood  of  pounding  becomes  negligible. 
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Fig.  11  Simulated  Motions  for  the  upper  F*HU  Pail 
of  the  PCR. 
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Fig,  12  Probability  distribution  of  the  m.aximj- 
westward  displacement  of  the  PCR. 
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